The diagnosis of alterations of the visual system at an early stage is one of the main objectives pursued by vision researchers. Early detection could stop the loss of visual capabilities-even if not at present, maybe in the future, as increasingly effective treatments are being developed-or at least minimize the negative effects that some treatments produce.
It has been shown that diseases affecting visual function can damage the mechanisms involved in spatial, chromatic and motion processing 1 , causing losses in contrast sensitivity both with stationary 2 and moving 3 stimuli, increasing thresholds in dark adaptation 4 and provoking either generalized colour contrast sensitivity losses or specific losses along the blue-yellow or de red-green axes. Furthermore, congenital and acquired defects, caused by diseases, medications or unhealthy habits, influence colour perception and contrast sensitivity. For instance, losses in the chromatic or achromatic mechanisms, or in both, have been reported in glaucoma 1, [5] [6] [7] [8] , ocular hypertensive subjects 16 and in 33.3% of subjects with suspected optic nerve damage with SWAP has been reported 17 . A more specific test for the parvocellular pathway, the high-resolution perimetry (HPRP), detects damage in 15 to 24% of hypertensive subjects 16 . Nowadays, to assess different visual mechanisms of a patient, it is necessary to use a combination of devices. For
example, FTD perimetry to analyze the magnocellular pathway 18, 19 , HPRP to analyze the parvocellular pathway 20, 21 or SWAP perimetry for the koniocellular pathway 22, 23 . This identification of visual tasks with particular cellular pathways is perhaps too simplistic (we refer the interested reader to Kaplan 24 ) and it is not always clear how well a given technique isolates the responses of a particular mechanism. See, for instance, White et al. 25 for a discussion about the relative contributions of the magno and parvo pathways in the detection of FDT stimuli.
In the case of the blue-yellow mechanisms, although other cells with S-cone input might mediate an S-off pathway 26, 27 , they represent a very small percentage of the total population of cells with S-cone input 28 , and their role in detection tasks and in colour appearance is not clear at present. But admitting that these different techniques do indeed favour different mechanisms, we find that neither the tasks carried out by the patient nor the metrics used to express the results are comparable, making the analysis of the relative losses incurred by each mechanism difficult. In addition, commercial devices limit the capability of the user to configure the spatial-temporal and chromatic characteristics of the The examiner may define stimuli in the desired directions in colour space 31, 32 and choose the spatial and temporal frequency of the stimulus to favour a particular mechanism (for example, magno or parvo when using achromatic stimuli) while ensuring that the same task is performed by the patient for each stimulus modality (see Appendix). This feature is essential in the process of searching for the optimal stimulus to detect and evaluate damage caused by a given pathology. For instance, in a recent study we have shown that chromatic red-green and blue-yellow patterns with low spatial (0.5 cpd) and temporal (2 Hz) frequencies could be more sensitive for early detection of glaucomatous damage than achromatic patterns, including low spatial-high temporal frequency doubling stimuli (FDT perimetry) 33, 34 .
The aim of our study is to demonstrate the reliability of the psychophysical procedure used, assessing the repeatability and reproducibility of the measurements made with our technique/device. The precision of a device or clinical method is a factor that should be considered when conducting method comparison studies. If a device has poor precision it is unlikely to have good agreement with another device. Hence, comparing the precision of the two devices or methods will provide greater insight into the source of eventual differences. Repeatability and reproducibility are the two sides of precision 35 .
Repeatability refers to the variability in repeated measurements by one subject when all other factors are assumed constant (within-observer variability).
Reproducibility refers to the variability in repeated measurements when one or more factors, such as observer, instrument, calibration or time is varied (between-observer variability). In this paper, the changing factor is the clinician conducting the test.
METHODOLOGY

Device
The ATD multichannel perimetry provides spatial and temporal stimuli for determining contrast sensitivity measurements at different testing points in the visual field, using a staircase psychophysical method. To evaluate the achromatic mechanism A, a stimulus favouring the magnocellular pathway (A-0.5cpd/12Hz) and other stimulus stimulating the parvocellular pathway (A4cpd/2Hz) were chosen. A large corpus of literature shows that the appearance of spatio-temporal patterns at detection threshold depends on the ratio between It is not possible, however, to ensure that the parvo pathway does not contribute to the detection of the A-0.5cpd/12Hz stimuli (see Anton et al. 34 for a discussion). The red-green and blue-yellow chromatic mechanisms, putatively mediated by the parvo and koniocellular pathways, respectively, were evaluated by stimuli modulated along the RG and BY directions of color space, with a spatial frequency of 0.5cpd and a temporal frequency of 2Hz (RG-0.5cpd/2Hz
and BY-0.5cpd/2Hz). The choice of these stimuli fulfilled two conditions: first, the dynamic range of the device still allowed the measurement of the subject's threshold 44 and second, the differences between normal and glaucomatous patients were the largest we had obtained with our device 34 . For a more detailed explanation of the stimuli used, see the Appendix and Anton et al. 34 . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Thresholds were determined by an interleaved stepwise threshold algorithm. At each trial, the testing point was changed at random. In the first trial at a given testing point, the stimulus had the maximum amplitude achievable by the CRT. If this stimulus was detected, amplitude was divided by 2 at the next trial at that point, and continued decreasing in this way until the subject failed to detect the stimulus. The staircase was then reversed and amplitude increased by a factor for the next presentation and continued increasing in this way until the test was again detected. This triggered a second reversal, and amplitude was divided by , and so on. Thus, the amplitudes (see Appendix)
Measurement procedure
at two consecutive trials at the same region, ∆R 
where is the maximum generable amplitude along the direction of the stimulus.
Control stimuli
Among the stimuli presentations, up to 16 false positive trials and 10 false negative trials were also randomly interleaved. Additionally, each session included up to 8 fixation-losses catch trials, presentations in the blind spot location previously estimated for the subject. These are 1.5ºx1.5º squares with the same chromatic and spatial modulation as the false negative trials 
Selection of subjects
We worked with a group of 40 healthy subjects aged between 20-35 and measures were taken in one eye randomly chosen. The ocular and medical history of the participants was examined, to discard those subjects with 
Experimental design and development of the measurement sessions
The 40 subjects were divided into two groups of 20 subjects each. Group 1 underwent testing with stimulus A-0.5cpd/12Hz and A-4cpd/2Hz, to evaluate, 
Statistical analysis
The statistical tests were performed using SPSS v. 14.0.1 for Windows (SPSS Inc., Chicago, IL, USA). Besides analyzing the results obtained at the Table 1 ), the perifovea, which comprises the four points surrounding the fovea (points 8, 9, 13 and 14) and the extrafovea (remaining points).
The study of the reliability of our device follows the guidelines laid out by the International Organization for Standardization (IOS) and we have adopted their definitions of repeatability and reproducibility 35 . In the literature on automated perimetry reliability with normal subjects, a great variety of methodologies is used, but the IOS guidelines are not followed [45] [46] [47] . The normality of the samples was evaluated using the Shapiro-Wilk test at the 95% significance level, as recommended for samples with less than 30 subjects, and the appropriate parametric or non-parametric tests applied in consequence [48] [49] [50] .
For normally distributed data, the concordance-coincidence between multiple measures of the same variable was assessed with the Intraclass Correlation Coefficient (ICC) 51 , both in the study of within-observer concordance (repeatability) and in the study of between-observer concordance (reproducibility). According to the value of this coefficient, measurement reliability is labelled as: absent (0) 
RESULTS
Mean sensitivity values for each stimulus are summarized at Tables 1   and 2 . It can be seen that the A-Magno mechanism has the highest values of sensitivity for all points, followed by the BY mechanism. On the contrary, the AParvo mechanism has very low values of sensitivity, except in the fovea and the perifovea. The RG mechanism shows the highest sensitivity averages in the fovea and perifovea and some points of the extrafovea (4, 5, 17, 18) , but the values are always lower than those of the A-Magno mechanism. Sensitivity determines the mean number of trials (MNT) needed to measure threshold, therefore MNT decreases with eccentricity and is in general greater for the AMagno and BY stimuli than for RG and A-Parvo. The limit of 20 presentations is only occasionally reached with certain subjects at random locations with the AMagno stimulus, hardly 5% of the total number of measurements.
From the measures of sensitivity in the four mechanisms (A-Magno, AParvo, RG and BY) the repeatability of the instrument and the concordance between results from the two clinicians were analysed.
Within-observer Repeatability
The results of the repetability analysis for our four stimuli are summarized in Table 1 . There appears the mean and the standard deviation of the sensitivity, and either the ICC values or the p-value of Friedman's test, as appropriate. Figure 1 presents the point-by-point repeatability classification for 
Insert Figure 1 here
In the A-Parvo mechanism, sensitivity data at most points at the extrafovea (76%) present non-normal distributions. All these measurements are repeatable according to the Friedman's test. Fovea and perifovea present normal distributions and the repeatability is excellent in all cases (see ICC value). In the A-Magno mechanism, most of the points present normal distributions with repeatability between excellent (67%) and good (19%). At the perifovea, which does not follow the normal distribution (14%), within-observer measurements are repeatable. In the RG mechanism, most points present a normal distribution and the repeatability is excellent (62%), with a reduced number that are rated as just good (14%). In all cases where the distribution is not normal (24%), the Friedman's test proves that the measures are repeatable.
In the BY mechanism most data distributions are normal, and the ICC values show that repeatability is excellent (38%) or good (48%). For points with nonnormally distributed data (14%), the results are repeatable in all cases.
In summary, within-observer repeatability for the four mechanisms studied is either good or excellent when the ICC can be calculated. For the rest of points, the Friedman's test finds that the measurements are repeatable.
Between-observer Reproducibility
To check the reproducibility, we compared two measurements supervised by different clinicians. The third perimetry test of Clinician 1 was Table 2 , using the same criteria as in Table 1 . In Figure 2 presents the pointby-point reproducibility classification of for each of the four mechanisms.
Insert Figure 2 here
In the A-Parvo mechanism, most points in the extrafovea follow non- 
DISCUSSION
A study of the reliability of the multichannel perimeter has been designed for the A-Magno, A-Parvo, RG and BY mechanisms. A sample of 40 normal subjects divided in two groups have participated in this study. All the subjects carried out four repeated perimetry tests, three under the supervision of a clinician (within-observer study) and one under the supervision of a different clinician (between-observer study). We have found that the within-observer measures are repeatable, i.e. there is no significant variability in the repetition of the measurements of an subject when other factors remain constant. In the between-observer study we have concluded that the measurements conducted by both clinicians are interchangeable.
In general, almost all measurements follow a normal distribution of the responses for all mechanisms. The points where sensitivity data are not normally distributed do not seem to follow a systematic pattern, common to all the stimuli, such as a dependence on eccentricity. The sole exception is the AParvo stimulus, which does not follow the normal distribution in the majority of the points, possible due to the subjects's low sensitivity outside the perifovea.
However, in the fovea and the perifovea the distribution of responses follows the normal distribution. , and so on... The four tests we have analysed have in common the distribution of testing points, the task to be performed by the observer and the psychophysical method, and therefore potential differences in repeatability must arise from the stimulus characteristics -which determine sensitivity, for instance, and therefore the number of trials needed to determine threshold, another relevant factor-or from the different limitations that the dynamic range of the device sets in each direction of colour space. The analysis of our results becomes complicated by the fact that there is not a common metric for repeatability for all testing points, and whereas ICC grades the results, the Friedman test doesn't. Considering only those testing eccentricity, and mean number of trials needed to determine threshold -which changed with location in the visual field and stimulus type-were the independent variables and stimulus type was a factor. The analysis showed that the only significant difference was with stimulus type (σ<0.001) and that repeatability results were significantly worse for the blue-yellow stimulus.
Comparisons between SAP and SWAP perimetry also show that repeatability with blue-yellow stimuli is worse 53 . In the between-observer study, ICC did not significantly depend on any of the variables listed above.
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F o r R e v i e w
where f x and f t are the spatial and temporal frequencies of the stimulus, and "a"
is the angular size of the window containing the stimulus (5º). The functions g(r)
and h(t) in Equation A.1 are, respectively, the spatial and the temporal envelope of the stimulus and are defined as follows: where T s =1 s is the maximum presentation time, t 0 equals to 100 ms and σ t =t 0 /3. These functions were introduced to smooth spatial-temporal transients that may constitute a cue for detection by an undesired mechanism. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  R  e  v  i  e  w During a measurement session, the direction of vector 0 R r ∆ is fixed and coincides with one of the three cardinal directions of the space -that is, the direction isolating one of the mechanisms. In Figure A1 we show the limits and directions of the colour palettes in the CIE chromaticity diagram (Fig. A1b) , and examples of the spatial and the temporal profiles (Fig. A1c-d) , as well as a sample of stimuli in each of the cardinal directions (Fig. A1e-h ).
Insert Figure A1 here Stimuli are labelled as "Mechanism (A, RG, or BY)"-"Spatial Frequency (0.5 or 4) in cycles per degree (cpd)" /"Temporal Frequency (2 or 12) in Hertz (Hz)". To evaluate the achromatic mechanism, a stimulus favouring the magnocellular pathway (A-0.5cpd/12Hz) and another one favouring the parvocellular pathway (A-4cpd/2Hz) were chosen 43 . The red-green and blueyellow chromatic mechanisms, putatively mediated by the parvo and koniocellular pathways, respectively 43 , were evaluated with two stimuli of the same spatial and temporal frequency (RG-0.5cpd/2Hz and BY-0.5cpd/2Hz).
The procedure described is similar to the one used by King-Smith for colour contrast thresholds, except for the spatial and temporal profile of the stimulus 57 .The stimuli used in this study were chosen after previous measurements covering the entire frequency range for each mechanism showed that the device had enough dynamic range to determine thresholds of subjects up to 70 years old 44 and after measurements with pathological subjects suggested the possible utility of these stimuli in detection of functional damage 33,34,58 . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
